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I. INTRODUCTION 


mMiiitary engineering officer in a proagram aor ocroject 


To 


Office would probably never be called an to prepare a 
cormcentuai design at a4 helicopter, But he may well Ge 


required to evaluate a proposai submitted by a commercial 


The requirement for such an evaiuatian might be states 


1 
Wf 


Determine if this design meets or exceeds the 
performance factors listed on the next page ana 
if the desian can be changed toa optimize the 
performance. 


There are several approaches one could use to compiete thi 


Wl 


task. One could use a hand held calculator and enter the 
data For the many equatians, oar ane could write a program 
for a micro or main frame computer to produce the required 
information. Both these options are laborious and time- 
consuming. By choosing the first option, ane may be abies ta 
camplete the task in two or three weeks or if tt is decides 
Eo write a program, one may finish in ane week providedc that 
rhere are no "Bugs". 

The best solution of course, is to use an Histinag 
program which can determine the necessary information for 
the specification parameters. In addition, this program 


should be able to show what happens if certain parameters 


towed to vary thus providing the formation for 

me oabjective of this thesis was to develop such a 
program that will Graphiceliiy represent power requirements, 
entiurance velocity, rate of climb, range velocity, hover 
ceiling and service ceiling all as a function of main rotor 
radius for four different cases. The graphs tha result 


Fram this program should enable one not oniy to evaluate the 


} 


r design, but aiso to make® recommendations 


ft 


basic heiicopt 


{ 


For Gesian improvement. 
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II. APPROACH TO THE FROBLEM 


Six performance factors (pOwer requirements, endurance 
velocity, rate of climb, range velocity, hover ceiling and 


Service ceiling) were determinec to be major in designing oF 


Ba 


a helicopter. In order to obtain estimates for these, a 
Fortran program was to be written to be used with "“DiSsSrLA" 


(Dispiay Integrated Software System and Fiatting 


Language) ,irkef. 1], to plot the resuits of the performance 


il 
{) 


factors versus main rotor radius on either a screen or a 
marae copy from the main frame computer. 

The eSoquations required for calculating these factors 
were obteined from "Helicopter Performance",(CRetf. 21, aie 


"Helicopter Design Manual" ,(Ret. 21, Both written by Donaid 


M. Layton. These equations were examined and tien @rciiped 
For the purpose of writing subroutines G ensure an 
effective use of Computer time. The result was Six sudrau-— 


tines, Sud-group 4, [Appendix Bl, are used in ait the 


performance calculations. Sub-Group A consist of: 


i. RAO - Calculates density from pressure altitude ana 
temperature ar given density aititude. Also determines 
presstre and temperature ratio for alititude versus sa 
level. 


<. VELMR —- Calculates induced velocity for main rota. 


ite VELTR — Caiculates induced velocity for tail rotor. 


ici 


4. POWMR - Calculates power requirements for main 


te FOWTR - Calculates power requirements for tail 
reter and tokal si nermear ce 
Si CONST - Calculates general constants to be usec in 


the first five subroutines listed above. 


In addition to the subroutines listed above, Six more, 
Sub-groauo BR, CApoendix BI, were written to perform the 
necessary iterations to caicuiate the performance factors. 
Some of Sub-group 8&8 subroutines were iterated in steps 
(1000,100,190,1) so that it would not require extensive 
computer time ta obtain the desired results. A final eight 
subroutines, Sub-group C, CAppendcix BI, were written to piat 
the resuits using DISSFLA. 

The orogram takes into account neither compressibiiity 


nor blade stall. These considerations were omitted sinc 


m 


this program was aimed at facilitating pré@iiminary decisisn 
making for a new design, rather than a final production 
Gesiagn, and ustially the Blade selected for a new gGesiagn is 


taken from an @xisting helicopter. 


III. SOLUTION TO THE FROBLEM 


THe program requires input data priar ta compiling ana 


SHY SCcuUTION. Toa demonstrate how to use the program a set oF 
Ssamole Gata was used. Table 1 i5 a listing af the reaquirea 
input Gata for the program. 
Table i 
Sample Data For Use in Frogram 
Main Rotor Taii Roator 
Racius 26.0) Ft wteit aye 
Chord Pee) ae GIA (SL Sete 
Rotationai veiocity 27.0 rad/sec 124.6 racg/sec 
Coefficient of drag 0.008 O. G06 
Number of blades of 4 
General Helicopter Data 
Weight BONGO. 0 Libs 
Tail boom length ets ea) (are 
Effective fiat plate area (forwara) Bag, WSmlit t 
Effective fiat plate area (vertical) ee 2 Seat t 
Main rotor height above skids or wheels 1. Bae 
Aircratt velocity (power caiculations only) Fe.0 kts 
Fius/minus (+/-) value for main rotor radius 4.0 ft 
Engine Data 
Number afr engines 2 
Shaft horsepower output (military) basil ee shp 
Shaft horsepower cutput (normal) 1313.0 shp 
Shaft horsepower output (cruise) 939.0 ship 
Specific fuel consumption (military) 0.46 1bs/shp/nr 
Specific fuel consumption (normal) 0.47 1Llos/shp/ir 
Specific fuel consumption (cruise) O.51 los/shp/ir 


AS indicated in Table i, a value is inputted for the 


range over which you wish to examine the main rotor radius. 


The example uses a vaiue of four (4.0) feet. This value 15 


assigned to a variable called “diff”. The program was 


a 
iT 


written ta aliaqw the R-AaH1S scale oF the piot = 
adjusted in accordance with any vaiue you might choose tar 
Celia = The Y-axis scales can also change tased an the 
Meaximnin and minimum values for the performance factor BGeing 
considered. 


Certain assumptions had to be made in order to write 


= 
a 


bi 


2 lists these assumptions ang Factors 


the oragran. = 
used ana the line number in the program where the factors 
can be Changed if needed. 
Table 2 
Assumptions Made in the Froaram 
Assumptian Factor Line Number 
Single Mast Helicopters NA Na 
Oniy Rectangular Blades NA AA 
Prafiie Fower Factor 4.3 LO79 [PICs 
Ground Effect Factor 136 P1328 
Transmission & Accessory Losses 
ioengine SHF = (# ENG#ESHF-10.0) #0. 977 3609 750,887 
2“ engines SHF = (# ENG*ESHF-10.0)#0.9%0.97 35641,781,888 
3 engines SHF = (# ENG*ESHF-10.0)*0.97#0.94 S342,782.387 


ENG: Engine, ESHF: Engine shaft horsepower, 
SHF: Rotor Shaft horsepower 


The Transmission and Accessory Losses were calculated basec 
on @ ioss of ten (1G) horsepower for the accessaries, ten 


percent (10%) for multiple engine installation, and three 


14 


perce (34) for transmission iosses (if three engines are 
usec, an additionai transmission is required), {Rer. 21. 

The secondary goal of the thesis was ta Skaemine +7our 
(4) Cifferent cases invalving main rotor Radius, Chard, 
Rotatiana: Velocity, Tip Velocity, Advance Ratia, ana 
Selidity. Table 3S shows how these variables were used in 
each of The Four (4) Cases. 

Table 3 
Case Use of VYariabies 
Radius Chord Rotational Advance Tip SlaWiis sien 
Velocity Ratio Velocity 

Case 1 4 (es Ee Vv ¥ na 

Case = Vv Ec V e = Vv 

Case & Vv V E V V E 

Case 4 V v Vv C c es 

Voi VARIES © =: HELD CONSTANT 

Advance Ratio, Tip Velocity, and Solidity when Heiae constant 
keep their values at the specification conacitions, The 
values of Chora and Rotational Vetacity were allowec ta 
vary when Advance Ratio, Tip Velocity, or Soaliidity were heia 
constant as shown in Table &. 

The graphs cansist of two (2) plots representing the 
same data But presented in different ways. The ieft hana 
Plot shows the actual performance factor value versus main 
Fotor radius. Figure 3.1 shows an example using power 


required versus main rotor radius, Case 1. 


125070 


(SHP } 
1000.0 


73020 


500.0 


OTAL POWER 


POWER REQUIRED 


0.0 


2235),2540 27:5 SOem) ean 
RAD TOS OF “MEN Sa lO Ur no 


Figure $3.1 Example of Lett Hand Piet 


The right hand plot shows the values of the performance 
factors based on a percent difference from the value at the 
Specification conditions versus a percent difference of the 
radius from the radius specification. Figure 2.2 shows an 
example of power required (% change) versus radius of the 


main rotor (% change), Case 1. 
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LEGEND 


(4 CHANGE) 


POWER REQUIRED 


S20 ORIG Gees Or! 10 00. 20.0 
RADIUS OF MAIN ROTOR (2% CHANGE) 


Figure 3.2 Example of Right Hand Plot 
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IV. RESULTS 


The program will generate a total of thirty twa (22) 


picts. The first twelve (12) pertain to power requirements. 


“4 
=a 
fet 
Wi 
Jo 
a 
ry 


liides induced, orofile, ang parasite power for che 
main rotor: and induced and profile power for the taii 
© Gndiceate a relation between the power terms af 
the main rotor the figure of merit (induced divided Gy the 
sum Of the induced and prorile power) is inciuded. The sum 
of the terms (total power) for the main and tail rotor was 
incluged with thse total power required for the aircraft. the 
remaining twenty (26) plots are for the performance factors 


oF endirance velacity, rate of climG, range velocity, hover 


rt 


Bilding and service ceiling. 


th 
ut 
Ct 
i 
it 
jal 
‘a 


The data for this particular model (UH-60A) w 
illustrate the features of the program and the resuits 
preseantsd are typical for this example Sie e- The 
Specitications of any model or design can be used s5 tong as 
the assumption oF a single-mast helicopter with rectangquiar 
HDlacges is foliocwed. 

The plots created by the program represent the resuits 
of varying the main rotear radius, chord or froebatiomes 
velocity. To example how to interrupt the results, the four 
(4) plots for Maximum Rate of Climb will be analyzed. Table 


4 compares the results in relation to rate of climb, rFacius 


i8 


ang Percent increase of rate of ciimb. The Cases were 


explained in Table 3 and the Figures foliacw Tabie 4. 


Table 4 
Gase Evaltutistian af Maximum Rate of Climb Ficts 
Case Figure Rate of Radius Percent 
Reference Climb(ft/sec) CHEd Increase 

u 4,1 2628 eae a (5 Wao 

= 4.2 2668 24.8 = (95 Se 

= 4S 2/700 BOs fae + 2.82 

4 44 Fase? oo ye, Gress ey 


From @xamining Table 4, it would be best to increase the 


rt 


radius to 30.45 feet while holding the chord to 1.75 fea 


the tio velocity to 7322.6 ft/sec (radius times rotetionai 


velocity), Changing the rotational velocity ta Bhi yee 
rad/sec, ana calculating solidity from radius ana chorea. 
This, Aowever, may not be the best answer if there is a 
Limitation to the radius of the blade. For this particular 


exampie, the optimum soiution may be to leave the design a 


i 


TEVA Se Tncreasing or decreasing the radius Dy smail amounts 


goes iittiea to increase of decrease the rate of climb. 


= 
et 
4 
th 
ae 


One must not only look at one factor in making the 


Ggecision. The changes affect the performance factor 


ih 
jot 
~ 
Et 


gifferent ways, therefore, the final decision must be mace 


after weighting all the changes against all the perfornance 
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Figure 4 
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Example Maximum Rate of Climb - Case 2 


Figure 4.2 
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Figure 4. 
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Figure 4.4 Example Maximum Rate of Climb — Case 4 
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VY. CONCLUSIONS 


The objective af this thesis to design a program that 
evaluates a Given set of helicopter design values was 
accamoiished. The orogram wiil generate thirty two (Bard 
Qrephs of six (5) performance factors for any single-mast 
neiicopter. The program does aiiGw for one to optimize a 


isl 


gesian through the evaiuastion oF the variation of Parameter 


= 
7 


For each pertormance factor. 


At thas point, the program takes into account neither 


compressibility nor Blade stall. These factors would 
improve the estimations ang may prove to be a worthwhiie 
praject for further work. Dther points which couid Se 
Bxamined are twin-blade and no-tail-rotor helicopters. iF 


the points mentionea above, blage design would orobabiy be 
af most importance since little has been done to examine tie 


aptimization of Blade twist and composite structure of 


COMPUTER PROGRAM OUTPUT - PLOTS 
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